In Aspergillus nidulans the regulatory gene areA Is responsible for mediating nitrogen metabolite repression. The areA product (AREA) represents an example of the GATA family of DNA binding proteins, which are characterised by the presence of a GATA domain consisting of a zinc finger within a highly conserved region of 52 amino acids. Among the other transcription factors Included in this family Is the principal erythrold transcription factor, GATA-1, which contains two GATA domains. In order to demonstrate high specificity binding of native AREA to DNA containing the sequence -GATA-, and investigate the presence in A.nidulans of other proteins with related specificities, we have used gel mobility shift assays. Both AREA-dependent and independent complexes have been identified. Two strains bearing chimeric genes were also characterised. In these,
INTRODUCTION
Evolutionary conservation between regulatory proteins is found principally within the DNA binding domains. This reflects the vulnerability of these domains to mutation [e.g. 1] . A second consideration is that the sophisticated nature of these domains may have been a limiting factor in the creation of novel DNA binding structures. The consequence of this is that the majority of DNA binding proteins so far identified fall into a relatively small number of classes based on the structure of the DNA binding region. This conservation of structure can also reflect a strong conservation of DNA target sequence [e.g. 2, 3] . The divergence of structurally related proteins is not merely observed between species, but also occurs within species where structurally similar proteins have evolved distinct, although sometimes related, functions. A good example of this is the GATA family of transcription factors, which include a range of major regulatory proteins from organisms as varied as fungi, mammals, birds, insects and plants [4] [5] [6] . Members of the group are characterised by their DNA binding domains, which consist of either one or two zinc (or ferrous) chelating fingers [7] , each with a long peptide loop of 17 or 18 amino acids. The family shows good genetic conservation between DNA binding domains, the first example of which was recognised and reported [8] as 63.5 % identity over a 52 amino acid region of AREA, the A.nidulans regulatory protein responsible for mediating nitrogen metabolite repression [4, 9] , and the principal murine erythroid transcription factor mGATA-1 (formerly GF-1) [10] . The structure of the Cterminal DNA binding domain from chicken GATA-1 has been determined by NMR [11] and the binding specificities of various GATA proteins have been characterised [e.g. 2, 3, [12] [13] [14] . In all cases reported these proteins show affinity for DNA sequences containing the motif -GATA-, although the two finger domain of mGATA-1 is also able to bind at a -(T/QAAG-motif [12] .
The similarity of binding specificity is intriguing since functionally distinct multiple factors have been reported in a number of organisms. In vertebrates at least four members have been identified (GATA-1, -2, -3 & -4) [ 15] and the pattern of expression for each factor is distinct but often overlapping. GATA-1 has an important role in the regulation of globin and non-globin genes in erythroid, megakaryotic, mast and haematopoietic progenitor cell lineages [10, [16] [17] [18] . GATA-2 is expressed in a wide range of tissues including erythroid cells [17, [19] [20] [21] . GATA-3 is highly expressed in embryonic brain cells and T-lymphoid cells, but is found in other lineages at low levels [19, [22] [23] [24] . GATA-4 is restricted to the heart, intestinal epithelium, primitive endoderm and gonads [25] . In Saccharomyces cerevisiae there are at least two regulatory genes which encode members of the GATA family, DAL80 and GLN3 [26, 27] . Both of these, and probably at least one other GATA binding activity [28] , are involved in regulating specific aspects of nitrogen metabolism in yeast. The implication of both the yeast and the animal systems is that these structurally related regulatory proteins have distinct roles in vivo.
To whom correspondence should be addressed Promoters from a number of A.nidulans genes subject to nitrogen metabolite repression have been sequenced and in all cases the -GATA-motif is present (e.g. 29, 30) . A fusion protein expressed in E.coli, which includes the DNA binding domain of AREA, has been shown by oligonucleotide selection to bind to -GATA-containing sequences [2] . Similar fusion proteins derived from the closely related and functionally equivalent Neurospora crassa regulatory protein, NTT2, have also been utilised to demonstrate -GATA-specific DNA binding [e.g. 14].
In order to initiate the characterisation of the native -GATAbinding proteins of A.nidulans, and in particular AREA-specific activities, we have utilised gel mobility shift assays using protein extracts from strains bearing various areA alleles and growth under various nitrogen regimes. Data presented here demonstrate that A.nidulans has a number of distinct -GATA-binding activities, among which one can be identified as AREA dependent. The various activities can be distinguished on the basis of electrophoretic mobility, expression and sequence preference. Evidence is also presented that the N-terminal finger of murine GATA-1 may be involved in facilitating protein-protein interactions.
MATERIALS AND METHODS

A.nidulans strains, culture conditions and genetic techniques
A.nidulans strains carried auxotrophic markers in standard use (31) . All areA alleles used have been reviewed (4) . The standard media and growth conditions for A.nidulans were used, as described by Cove (32) , with appropriate supplementation. Mycelia for protein extraction were grown for 15 hours at 37°C at 180 r.p.m. with either 20 mM ammonium tartrate, 20 mM sodium nitrate or 20 mM proline as sole nitrogen source, where appropriate.
Construction of areA::N-GATA and areA::NC-GATA strains In order to replace the native 52 amino acid DNA binding domain of AREA with the equivalent 52 amino acid C-terminal domain of mGATA-1 and the 106 residues of the full two finger DNA binding domain of mGATA-1, recombinant PCR was utilised [33] (Figure 1 ). The recombinant PCR products were digested with Apal and cloned directly into pBK [34] , replacing the equivalent region of areA. The clones were characterised by restriction digestion, and the full insert was sequenced to confirm the fidelity of the chimeric product. The two constructs were then co-transformed into an areA r 18; argB2 recipient strain with the argB + containing plasmid pILJ16 (35) by the procedure of Ballance and Turner (36) . areA r 18 is a translocation associated loss of function mutation, which results in mutant strains being unable to utalise the majority of nitrogen sources other than NH, + or glutamine (9) . Arginine-independent transformants were selected and screened for their phenotype on various nitrogen sources and putative co-transformants were confirmed by Southern hybridisation analysis and outcrossing. Outcrossed progeny which had a single areAr.GATA integrant inserted homologously, within the region of areA 5' to the areA r 18 break point, thereby reforming the full areA coding region, were used for gel shift analysis.
Preparation of A.nidulans cell extracts
The extraction method was a modification of a previously described protocol [37] . Mycelia were harvested in Miracloth (Calbiochem), washed with ice cold water, blotted dry, weighed, and ground in liquid nitrogen using a mortar and pestle . The following procedures were carried out at 4°C: the mycelia were resuspended at 5 ml/g in freshly prepared extraction buffer: 20 mM HEPES (pH 7.9), 100 mM KC1, 0.2 mM EDTA, 20% glycerol, 2 mM dithiothreitol. To this the following cocktail of protease inhibitors was added immediately prior to use: 0.5 mM phenylmethylsulfonyl fluoride and 10 /ig/ml each of antipain, leupeptin, chymostatin, pepstatin A (Sigma). A saturated (NH^SCv, (ARISTAR, BDH Chemicals) solution (pH 7.0) was added to the lysate to a final concentration of 0.4 M. The lysate was stirred for 15 min and then left to stand for a further 15 min. Cell debris and chromosomal DNA were removed from the lysate by centrifugation at 100 000 xg for 30 min. Solid (NH^SC^ was added to the decanted supernatant over a period of 90 min., to 70 % saturation, while being stirred gently. The lysate was left to stand for a further 30 min., after which precipitated proteins were pelleted by centrifugation at 10 000xg. The resulting pellet was resuspended in binding buffer: 12 mM HEPES (pH 7.9), 3 mM MgCl 2 , 50 mM KQ and 2 mM dithiothreitol, containing the same cocktail of protease inhibitors described above. Following dialysis in binding buffer (4x30 min.) and the subsequent the addition of fresh protease inhibitors and glycerol to (final concentration) 15% (w/v), the extracts were aliquoted and stored at -70°C. Extracts retained binding activity for at least twelve months when stored in this way. Total protein concentrations were determined according to Bradford [38] . Yield was generally between 1 and 2 mg protein per gram of blotted mycelia.
Probe construction
Double stranded DNA probes were constructed using partially complementary oligonucleotides. These were annealed by cooling from 65°C to 40°C at a rate of l°C/min in TE buffer (10 mM Tris HC1, 10 mM EDTA, pH 8.0). The resulting 5' overhangs were filled using Klenow in the presence of apPJ-dCTP under standard conditions (39) . Oligonucleotide sequences are as follows: Single GATA; 5'-GGGCAACTGATAGGAATT-3' and 5'-GGAATTCCTAT-3'. CATA; 5'-GGGCAACTCATAGG-AATT-3' and 5'-GGAATTCCTAT-3'. nia. 5'-GTGCCCTA-TACTATCTAATCGACCTTGA-3' and 5'-GACCACGGCA-TGAACTGGTAGATAT GCCAGATCAAGGTCG-3'. pm; 5'-TGAGTAAAAATTATCTCGTGCTGGAAA TGATAAG-CCGTTGAC-3' and 5'-GTCAACGGCT-3'.
Electrophoretic mobility shift assays Binding reactions were carried out in binding buffer containing 15% glycerol, 2-5 pM double stranded DNA probe, 0.5-2.0 Hg poly (dl-dQ(dl-dC). To this either 2 or 9 ng of protein extract were added as indicated, taking the final volume to 20 /tl. After incubation at 25°C for thirty minutes, the reaction mixtures were loaded onto 4% polyacrylamide gels and electrophoresed for 2-3 hours at 4°C and 10 V/cm. Optimal results were obtained using pre-made stock polyacrylamide solutions (Protogel; National Diagnostics). Gels were pre-electrophoresed for 2 hours under the same conditions. Following electrophoresis, gels were transferred to Whatman 3 MM paper, dried under vacuum at 80°C and subjected to autoradiography. Autoradiographs were scanned by a laser densitometer (Molecular Dynamics) using image quant software.
Southern hybridisations
A.nidulans genomic DNA was isolated as previously described [34] . Restricted DNA (3 -5 /ig) was separated by electrophoresis in 0.8% agarose gels and transferred to Zeta Probe GT nylon membrane (Bio-Rad) as per manufacturers instructions. Hybridisation was conducted at 65 °C in 6xSSC using the Blotto technique [40] or the SDS method (Bio-Rad) as indicated. For the Blotto technique, moderate and high stringency washes were carried out using 0.5 x SSC and 0.1 x SSC respectively at 65°C. For the SDS method, washes were carried out in 5 % SDS, 40 mM NaHPO 4i 1 mM EDTA at 65°C.
RESULTS
Identification of AREA specific activities
Initially gel mobility shift assays were conducted using the short dsDNA probe containing a single GATA motif ( Figure 2 ). In order that any AREA specific activities could be distinguished and positively identified, both an areA wild type and an xprDl strain were utilised. xprDl is an areA d allele involving a pericentric inversion which leads to the 124 C-terminal residues of AREA being replaced by 12 foreign residues [34] . The product of xprDl is active, though deregulated, as defined by retention of its activity under normally repressing growth conditions, and it has a predicted size of 764 amino acids. This is significantly smaller than the wild type product which has a predicted size of 876 amino acids [4] . Both strains were grown on nitrate as sole nitrogen source, as this is both a good nitrogen source and its utilisation is dependent on the presence of active AREA [4, 9] . Figure 1 . Construction of arcA.:C-GATA and areA::NC-GATA chimenc sequences. pBK [34] was used as the template to amplify the regions of areA immediaely upstream of the DNA binding domain (5"), using primers Al (ATG-GGGGCCCAGT) and A3 (GGGACCATTCTGCTQ, and downstream from the DNA binding domain (3') utilising primers A2 (AACAGCGCCAATAGQ and A4 (CTCGGCCGGAGCTACCCGGC). A GATA-1 cDNA clone, pXM [10] (a gift from Stuart Orion) was used as the template to amplify both the C-termmal finger encoding region (Q, utilising primers G2 (GAGCAGAATGGTCCCACC-CAATGCATAAQ and G3 (GCTATTGGCGCTGTTGCGGTTCCTCGTCTG). and the full N and C-terminal encoding region (N&Q, using primers Gl (GAG-CAGAATGGTCCCAGAGAGTGTGTGAACTG) and G3. The 5' tails of primers Gl and G2 have 15 nucleotides (underlined) which are complementary to A3 and G3 has 15 nucleotides (underlined) which are complementary to A2. The PCR products were purified by gel electrophoresis. The 5' PCR product was combined separately with both the NC and C by amplification with primers A1 and G3. These products were then combined with the 3' product using primers Al and A4.
From Figure 2a one minor (A) and two major (B & C) electrophoretically distinct DNA-protein complexes can be observed. The fastest migrating complex has different electrophoretic mobilities in the wild type (C) and xprDl (C) extracts. The observed difference in mobility is consistent with the protein derived from the xprDl strain being smaller than the wild type, as it has increased electrophoretic mobility. Formally, the direct corelation of altered mobility with protein size is more conclusive as proof of identity than the use of a complete loss of function allele since the loss of an activity could be indirect, due to repression of an activity, or trivial as a result of experimental variation. This DNA-protein complex (C) can therefore be defined as AREA specific. When extracts from wild type and areA r 18 strains, grown under ammonium repressed conditions (40 mM NH4" 1 " as sole nitrogen source), were used in this system the putative AREA specific complex was not observed, although a slower migrating major band (B) is retained (Figure 2b) . Strains bearing the loss of function allele areA r 18 should have no areA dependent DNA binding activity [34] . It is also postulated that under nitrogen repressed growth conditions the wild type will have low levels of active AREA [4] . These results are therefore consistent with complex C being AREA specific and also demonstrate that there is at least one DNA binding protein, other than AREA, which is able to bind this probe at high specificity.
To demonstrate that the DNA binding observed is dependent on the fidelity of the GATA sequence rather than a consequence of other sequences within the oligonucleotide, we constructed a second DNA probe in which the GATA motif was mutated to CATA ( Figure 2c ). As can be seen from Figure 2c the single base substitution eliminates all the major DNA-protein complexes. This observation is consistent with all the observed DNA binding activities, including that of AREA, being GATAspecific.
Use of paired GATA motifs It has been suggested, and in at least one case demonstrated [ 14] , that GATA proteins show much greater affinity for sequences containing paired -GATA-motifs. It was therefore desirable to attempt gel shift analysis using probes containing two GATA sites. Two sequences were chosen: the first, designated the prn probe, occurs within the regulatory region of pmB which encodes a proline permease [30] . The second sequence, designated the nia probe, occurs within the intragenic regulatory region of niaD and niiA which encode nitrate and nitrite reductase respectively [29] . pmB, niaD and niiA are all subject to regulation by areA. The prn probe contains two -GATA-sequences in the same orientation, separated by 13 bp, and the nia probe contains two GATA sequences in opposite orientations, separated by 20 bp (Figure 3 ). Both probes reveal a very similar variety of DNA/protein complexes when used in gel shift assays with A.nidulans protein extracts ( Figure 3 ). As there are no obvious similarities between the two probes, other than the presence of -GATA-sequences, the apparent coincidence of the banding patterns produced is consistent with the DNA/protein complexes being -GATA-specific. In competition experiments addition of a 50 fold molar excess of an unlabelled single -GATA-site probe did not visibly diminish the nia specific banding pattern, whilst a 10 fold molar excess of unlabelled nia probe significantly diminished the intensity of complexes observed (data not shown). This is consistent with all the DNA proteins responsible for the observed complexes having a far greater affinity for the nia probe, which may relate to the presence of two -GATA-sequences.
In order to identify AREA-specific complexes, protein extracts from two strains with different areA alleles were used in addition to the wild type, xprDl and areA r 18 strains described previously. areA::C-GATA and areA::NC-GATA encode proteins in which the native 52 amino acid DNA binding domain of AREA has been replaced by either the C-terminal DNA binding domain or both the N and C-terminal DNA binding domains of mGATA-1, respectively (Figure 1 ). The product of areA::C-GA TA should therefore be equivalent in size to wild type AREA while the areA::NC-GATA product will contain an additional 54 residues, which consists of the 52 residues of the additional finger domain plus two residues which lie between the N and C domains.
From Figure 3b and its diagrammatic representation (Figure  3c ), the profiles of DNA-protein complexes observed using protein extracts from both the wild type and the areA 1 18 strains grown under repressing nitrogen conditions (40 mM NH4" 1 ") are very similar. However, the wild type extract produces a doublet (Y and Y'), of which only the lower band (Y') is observed using the areA r 18 extract. Y' cannot therefore be AREA dependent. As Y is apparently disrupted by the areA r 18 lesion it may be AREA specific. If so, it would imply that some actively binding AREA is present under these growth conditions. This is consistent with plate tests in which the presence of areA r alleles can be scored under repressing growth conditions, implying that residual AREA activity is retained in the wild type.
Complex Y derived from repressed cultures comigrates with a complex observed using protein extracts from both wild type and areA::C-GATA strains grown under nitrogen derepressed conditions (nitrate or proline as sole nitrogen source). However, this complex is subject to variation in mobility with protein extracts from xprDl and areA::NC-GATA strains. The variations in mobility correlate directly with the expected size differences of the mutant AREA products; the truncation caused by xprDl leading to increased mobility and the additional residues in AREA::NC-GATA leading to reduced mobility. This represents formal evidence that complex Y, observed under derepressing growth conditions, is AREA dependent. It is also consistent with the comigrating complex observed under repressed conditions, which is disrupted by the areA r 18 lesion, being AREA dependent.
The nia and prn probes produce a second, slower migrating complex (X) using extracts from strains grown under nitrogen derepressing conditions. X also appears to be AREA dependent, as defined by the variation in mobility with extracts from the various strains (Figure 3) . For all the extracts a third complex, Z, runs at the same rate across the gel. As such it serves as a control which verifies that the strain specific variations in mobility for X and Y are not the result of trivial differences between protein extracts.
In areA r 18 derived extracts there is a complex which comigrates with X (labelled X')-These two complexes, X and X', must therefore be distinct since areA r 18 strains are unable to produce wild type AREA protein. The areA r 18 translocation breakpoint occurs upstream of the region of areA encoding the DNA binding domain and it is therefore feasible that a fusion protein could be synthesised which includes a functional AREA DNA binding domain. In order to eliminate this possibility these experiments were repeated (data not shown) using a second strain bearing an areA r allele, areA r 602, which carries a frame shift mutation upstream of the DNA binding domain (Sheerins and Arst, personal communication). Again the complex designated as X' was observed confirming that it is not AREA dependent.
Defining a role for the N-terminal finger of GATA-1
Using protein extracts from the wild type, xprDl and areA::C-GATA strains in combination with the nia probe, complex X is consistently less intense than the faster migrating Y. However, with the two finger areA::NC-GATA derived extracts the intensity of the larger complex (X) is relatively increased (" Figures 3 and  4) . Scanning densitometry was used to compare the band intensities of X and Y for the wild type, areA::C-GATA and areA::NC-GATA derived extracts. The ratio of the two complexes was calculated for each extract: areA* and areA::C-GATA extracts gave ratios for X/Y of 0.60 (± 0.12) and 0.61 (±0.16) respectively, while the areA::NC-GATA extracts gave a ratio of 1.20 (± 0.02). Using the standard T-test there is no apparent difference between the areA* and areA::C-GATA extracts. However the two finger construct leads to a change in the ratio of the two complexes significant at the 99.9 % confidence limits. As the only difference between AREA::C-GATA and AREA::NC-GATA is the presence of the N-terminal DNA binding domain this differential in complex formation can be localised to this domain. These observations are also consistent with both X and Y being AREA specific. It is also worth noting that these chimeric proteins are stable in A.nidulans.
Identification of -GATA-binding activities
The complexity of the system makes the identification of the various activities somewhat problematic, since similarly migrating complexes having differing origins might be indistinguishable. In order to overcome this and further distinguish the activities we have utilised areA mutant strains, different growth conditions and competition experiments. Throughout all the growth conditions the major binding activity, labelled Z, appears to be relatively consistent and is unaffected by the various areA alleles (Figure 3 preference for the nia probe throughout, as demonstrated by cold nia competing more effectively than cold prn (Figure 4 ). This is consistent with it being a constitutively expressed areAindependent activity. Furthermore the activity of the protein or proteins responsible for this complex can be distinguished from AREA on the basis of specificity, as complexes X and Y are more readily affected by unlabelled pm than nia when used as competitor (Figure 4a) .
The behaviour of wild type AREA is indistinguishable from that of the AREA::GATA chimeric proteins, since the respective X and Y complexes observed using the nia probe display the same specificity with regard to competition by the nia and prn oligonucleotides (Figure 4 ). This indicates that the murine and fungal DNA binding domains have similar binding specificities, which is consistent with analysis of E.coli expressed fusion proteins [2] .
Using protein extracts derived from the areA r 18 strain, in which no areA specific activities should be present, it can be observed that complexes X' and Y' display distinct specificities (Figure 4b ). Complex Y' is most radically affected by the nia oligonucleotide, which distinguishes it from Y. Also, due to a longer running time, the size differential between the two complexes, Y and Y', is accentuated (Figure 4a & b) . Complex X' is equally disrupted by both prn and nia which distinguishes it from X and the other activities observed. It is also worth noting that X' from the areA r 18 strains was resolved as two distinct complexes during the competition experiment, as judged by electrophoretic mobility. From Figures 3 and 4 additional complexes can sometimes be observed using extracts from both the wild type and mutant strains (but are occasionally obscured by the unbound probe). These might represent further GATA specific activities.
From these observations it can be concluded that there are at least three -GATA-binding activities other than AREA, which can be distinguished on the basis of electrophoretic mobility and probe specificity.
Southern analysis using a GATA-1 derived probe
From the above data it is apparent that there are a number of A. nidulans proteins which are able to specifically bind -GATAcontaining sequences. Within fungi a number of distinct -GATAbinding activities have been identified or inferred, the majority of which are of the GATA family [5] . With respect to A.nidulans, the most notable candidate for an additional -GATA-binding activity is the product of areB at which rare gain-of-function muations are able to suppress areA r alleles, restoring the ability of mutant strains to utilise a wide range of nitrogen sources [41, 42] . The simplest hypothesis is that areB is able to express a protein which has a similar DNA binding activity to AREA and due to the rare mutations the product has either an altered binding specificity, increased expression, or gains another essential activity such as transcriptional activation. As all six areB gain-of-function alleles involve chromosomal rearrangements [41, 42] it should be possible to utilise RFLP analysis to identify areB linked sequences. Using probes derived from the region of areA which encodes the DNA binding domain, to probe genomic Southerns, no striking cross hybridisation is apparent ( Figure 5 and unpublished data). However utilising a 344 nucleotide probe derived from the region of mGATA-1 cDNA, which encodes the full two finger DNA binding domain, cross hybridisation is apparent (Figure 5a ). Using different digests four distinct cross hybridising sequences are apparent (Figure 5b ). These can be distinguished by varying the stringency of washing, and reprobing of the blot with areA specific probes demonstrates that the cross hybridising sequences are distinct from areA. However, none show polymorphisms in the various areB strains tested. None are therefore likely to contain areB.
DISCUSSION
Utilising various areA alleles, AREA-specific activities have been successfully identified in protein extracts from A.nidulans using gel shift analysis. AREA binding was observed to dsDNA sequences containing either single or double -GATA-motifs. All the complexes observed using the nia probe, including AREA dependent activities, display a far higher affinity for the double -GATA-probes, indicative of a synergistic effect of two -GATAsites. This apparent synergy was independent of orientation as it was seen with both direct (nia) and inverted (pm) repeats, although the spacing of the two sequences at 24 and 17 nucleotides means that in both cases the GATA sequence, and presumably the bound protein, are on approximately opposite faces of the DNA.
Mutating the single GATA site to CATA disrupts the binding activity of both the putative AREA dependent and independent complexes. This is consistent with GATA specificity, and is concordant with oligonucleotide selection experiments which utilised an AREA derived polypeptide expressed in E.coli [2] . Similar results have also been obtained with GATA-1, -2 and -3 derivatives [2, 3, 12] . In S.cerevisiae, saturation mutagenesis of the nitrogen responsive element (UASNTR) of DAL5, which binds GLN3, has demonstrated that maximal disruption is achieved with the equivalent GATA to CATA substitution [13] . Furthermore, the three dimensional structure of the complex between a 66-residue fragment of cGATA-1, which encompasses the C-terminal zinc finger, and a 16 bp oligonucletide containing the target sequence AGATAA has been determined by NMR [11] . This confirms that the guanine residue within the GATA core site plays a central role in the specific DNA-protein interaction.
We have demonstrated that the chimeric proteins AREA::C-GATA and AREA: :NC-GATA have similar specificity to AREA with respect to their preference forprn > nia > single GATA. However AREA::NC-GATA can be distinguished by both a difference in migration, which relates to the size differential, and also the ratio of the two AREA specific complexes. There is some evidence from gel shift analysis that GATA-1 is also able to produce two electrophoretically distinct complexes (e.g. ref.
2). The composition of the two AREA dependent complexes is open to speculation but a number of pertinent observations can be made. Firstly, in initial titration experiments to determine the optimal ratio of protein to probe there was no indication of the preferential formation of either complex at low protein concentrations (data not shown). If the faster migrating complex had emerged first it would have been consistent with it having protein bound to one of the GATA sites, and the larger complex having both GATA sites occupied. Similarly it would be expected that at very high protein concentrations nearly all the complex would have been of the larger form. However, using the nia probe it appears from the analysis of various experiments that for a given extract the ratio of the two complexes is very constant, which would be consistent with the ratio of directly bound protein molecules per oligonucleotide being constant and fully saturated. Finally the relative affinity for the nia or prn probes in comparison to the single GATA probe is consistent with a synergistic effect between GATA sites and it should be noted that in all cases there is an excess of unbound probe. It is therefore likely that the faster migrating complex observed with the nia probes, Y, represents a single molecule of DNA probe where both GATA sites are occupied by AREA. X is likely to be either an homologous Y dimer or a heterologous complex involving Y and a distinct moiety [43] . Whichever it is, the presence of the N-terminal finger in AREA::NC-GATA is able to increase the proportion of the larger complex, implicating it in facilitating protein-protein interactions. The simplest hypotheses would involve an interaction between two AREA molecules which is enhanced by the N-terminal domain. The role of zinc finger structures in protein-protein interactions is well documented.
These observations are both intriguing and significant for a number of reasons. It has been demonstrated that non-adjacent GATA-1 binding sites are functionally related [44, 45] and that GATA-1 may be involved in bending DNA [46] . A simple model would be that two GATA-1 molecules bound to the DNA can interact and thus bring the DNA sequences which flank the two binding sites into close proximity. This could for example bring enhancer sequences into close proximity to the appropriate promoter. If this putative protein-protein interaction was the principal mechanism by which the positive functions of GATA-1 were mediated, it would go some way to explaining the great divergence observed outside the DNA binding domains of the various GATA-1 molecules so far characterised from a variety of organisms [47] . Such a function would not necessitate the coevolution of a variety of interacting molecules, which would inevitably limit the rate of divergence. The role of the N-terminal finger in GATA-1 is somewhat undefined. It has been found to be necessary for (T/QAAG binding [12] , at which the GATA-1 may act negatively [48] , and it has also been suggested to have a role in both transcriptional activation and stability of DNA binding [49, 50] . On its own, unlike the C-terminal domain, it is unable to bind DNA [49] . However the N and C-terminal domains have been equally well conserved between the various GATA-1 proteins [51] , which is indicative of an important role for both.
The ability of wild type AREA to produce two electrophoretically distinct complexes also implicates it in protein-protein interactions. It is worth noting that in many respects AREA and GATA-1 have similar roles as they usually activate gene expression at a large number of structural genes and in consort with other regulatory molecules [4, 15] . Also the arrangement of putative binding sites within the regions upstream of AREA and GATA-1 regulated genes is complex, involving a number of variously arranged distinct -GATA-containing sequences.
From the data presented it is apparent that there is some AREA activity present even under repressed growth conditions. Whether this represents activity which is within the nucleus or not has not been addressed, nor has it been demonstrated that the DNA binding activity is functional with regard to transcriptional activation. However there do appear to be two activities, X' and possibly Y', which are most abundant under repressed growth conditions. If this is the case they may represent an interesting parallel to DAL80 and a second uncharacterised yeast -GATAbinding activity, which act negatively at a small number of genes involved in nitrogen metabolism [13, 28] .
The role of the various -GATA-binding activities, other than AREA, identified in A.nidulans is undefined. However a number of possibilities other than nitrogen regulation may pertain. Firstly the Ustilago maydis gene urbsl, which is involved in siderophore regulation, encodes a two finger GATA protein [52] . It is conceivable that there may be an equivalent to urbsl in A.nidulans. A second possibility is that a GATA binding activity may have a role in oxygen repression. One areA allele, designated areA300, was selected as leading to derepression of the pyrimidine salvage pathway which is subject to oxygen repression [53] . The areA300 allele leads to the synthesis of an AREA molecule with two zinc finger domains, due to the tandem duplication of 139 amino acids [54] . Mutant strains demonstrate both derepression and altered promoter specificity [54, 55] , and therefore possibly altered DNA binding specificity. It is possible that the wild type areA product has a role in oxygen repression or that due to the altered specificity of the mutant molecule the areA300 product is able to efficiently bind at promoters, probably containing -GATA-motifs, at which the wild type product is not normally functional.
Further genetic evidence for an additional -GATA-binding activity in A.nidulans arises from the characterisation of areB, at which rare gain-of-function mutations are able to suppress areA~ alleles [41, 42] . However no distinct restriction fragment length polymorphisms were observed in Southern blots which included genomic DNA from mutant areB strains, all of which involve chromosomal aberrations, when probed with either GATA-1 cDNA or areA-derived sequences from the DNA binding domains, nor were any differences observed using gel shift analysis of areB mutant derived protein extracts (data not shown).
Further analysis of this system will require the cloning and characterisation of these various -GATA-binding activities by reverse genetics. This will provide a good model system in which structurally and/or functionally similar proteins maintain distinct roles within an organism, providing as opportunity to ask whether these various activities interact and ultimately how their functionally distinct roles are maintained. The gel shift system described here provides a mechanism for characterising various -GATA-specific DNA binding activities, allowing their direct analysis in various genetic backgrounds and providing a means of monitoring their expression within the organism.
